Historically, pregnancy dating has been based on self-reported information on the first day of the last menstrual period. In the 1970s, ultrasound biometry was introduced as an alternative for pregnancy dating and is now the leading method in Nordic countries. The use of ultrasound led to a reduction of postterm births and fewer inductions, and is considered more precise than last menstrual period-based methods for pregnancy dating. Nevertheless, differences in early growth and specific situations, such as maternal obesity, can render its estimates less precise, leading to gestational age misclassification. Clinical implications of ultrasound dating include effect on timely induction in case of post-term pregnancies, treatment with corticosteroids in cases of anticipated preterm delivery and decision on viability in cases of extreme prematurity. Furthermore, gestational age misclassification may influence the numbers and the magnitude of some adverse perinatal outcomes, closely related to gestational age, which are recorded in the Nordic birth registers.
Historically, pregnancy dating has been based on selfreported information from the mother, mainly by asking her to remember the first day of her last menstrual period (LMP), sometimes taking into consideration menstrual cycle length. In the 1970s, ultrasound biometry was introduced as an alternative method for pregnancy dating and is now the leading method in the Nordic countries.
Key Message
Misclassification of gestational age by ultrasound biometry in the second trimester may influence the numbers and the magnitude of adverse perinatal outcomes, closely related to gestational age, which are recorded in the Nordic birth registers. Continued reporting of last menstrual period in the registries is advocated. 
Overview of pregnancy dating in the Nordic countries
In Sweden, ultrasound pregnancy dating has generally been performed in connection with second trimester (weeks [17] [18] ultrasound examinations (1) since the 1980s. Ultrasound examinations are mainly performed in special units at hospital clinics and in recent years an increasing number of clinics perform dating in the first trimester (weeks 11 or 12-14) together with a combined ultrasound and biochemistry (CUB) test for chromosomal screening (2) . In Finland, the Ministry of Social Affairs and Health issued a decree in 2006 (1339/2006) stating that the municipalities should organize a general pregnancy ultrasound scan at gestational weeks 10-14. Pregnancy dating is based on the ultrasound examination if the biometry estimates differ five days or more from LMP dates (personal communication by Dr. Eeva Ekholm). In Norway, ultrasound pregnancy dating started in 1986 after a consensus conference. The national recommendations include a routine second trimester ultrasound examination and the pregnancy dating is based on the earliest pregnancy dating examination performed (3). In Denmark, before 2005, all women having a second trimester scan were dated by biparietal diameter, or by LMP. Since 2005, all women have been offered a first trimester scan and combined ultrasound and biochemistry testing, with more than 90% of the women participating. Since 2008, the first trimester scan included dating by crown rump length (CRL), but with a special follow-up program if discrepancy between ultrasound and LMP dating is 8 days or more. If too late for dating by CRL, second trimester ultrasound is used (4) . In Iceland, second trimester (around gestational week 20) ultrasound examination was introduced in 1985; dating was based on measurement of biparietal diameter and femur length if there was a discrepancy of 10 days or more with LMP dates (5) . In 2003, first trimester combined risk assessment at gestational weeks 11-14 was introduced and, since then, pregnancy dating has been based on CRL -regardless of LMP discrepancy (6) .
Effects of ultrasound use for pregnancy dating
The use of ultrasound for pregnancy dating led to a reduction of post-term births and fewer inductions for post-maturity (7, 8) . Other benefits of routine ultrasound examinations are early detection of multiple pregnancies and increased possibilities to assess placental localization and to detect fetal malformations (9) . Adverse effects to the fetus in connection with early ultrasound exposure, such as higher odds for non-right-handedness in boys, have also been described (10) . Though ultrasound during pregnancy appears to be safe according to the World Health Organization systematic review from 2009 (11), it should be noted that possible adverse effects when ultrasound is performed very early in fetal life have not been thoroughly evaluated (12) .
The ultrasound-based method for pregnancy dating is generally more precise than LMP-based methods. Furthermore, there are situations where there is a lack of information on LMP, irregular cycle length, variability in timing of ovulation or use of contraceptives until the beginning of pregnancy, in which ultrasound provides crucial dating information (13) . Even so, there are some limitations when relying only on ultrasound biometry. First, the method is based on the assumption that all fetuses grow at the same rate in the first half of pregnancy, and therefore size can be translated into gestational age (14) . Examples of situations when this assumption is not correct could be the physiological difference in size between male and female fetuses (15) and early growth restriction (16) . Additionally, besides differences in early growth, specific situations such as maternal obesity can make measurements technically difficult to perform, and thus make ultrasound dating less precise (17, 18) . In particular, a high maternal body mass index was recently found to increase the risk of postponing expected delivery date (EDD) on the basis of an ultrasound examination at around gestational weeks 12 in a dose-response way (19) . The odds ratios for postponing EDD were reported to be 1.14, 1.28 and 1.73 for women with a body mass index of 30-34.9, 35-39.9 and ≥40 kg/m 2 , respectively, as compared with women with a normal body mass index (19) .
More importantly, discrepancies between dating methods are associated with adverse perinatal outcomes (20) (21) (22) . For example, when a fetus is smaller than expected at the time of the ultrasound examination, the estimated gestational age will be less that the real gestational age, and the EDD will be postponed. Thus, when the ultrasoundbased EDD arrives, the fetus will actually be more mature than 40 completed weeks. Size differences related to fetal sex have been estimated to affect relative risk estimates of pre-and post-term birth of female compared with male fetuses by 10-20% (23) simply because fetal sex is associated with fetal size, which in turn is used to determine gestational age. Discrepancies of more than seven days between the estimates have been associated with increased risk for stillbirth, neonatal death, low Apgar score at 5 min, low birthweight and preterm birth (21) .
Further implications for clinical practice
Given the wide adoption of ultrasound-based pregnancy dating within current obstetric practice in the Nordic countries, both beneficial and adverse effects of the method are expected to impact on clinical decisions and on perinatal outcomes. In cases of early growth restriction, gestational age may be underestimated, leading to misclassification of size at birth (24) . Data from the Iowa Health in Pregnancy Study indicate an underestimation of small-for-gestational-age (SGA) births by 13% when ultrasound-based pregnancy dating is used (25) . An underestimation of gestational age could also lead to a delay in induction of pregnancies that have entered the post-term period, which could adversely affect perinatal and neonatal mortality (21, 26) . Misclassification of gestational age is expected to be more pronounced when ultrasound dating is performed in the second trimester, at which time fetal growth differences are even greater than in the first trimester. Correspondingly, in the case of fetuses with an accelerated growth trajectory, such as in diabetic pregnancies, the use of ultrasound-based dating could falsely lead to a suspicion of post-maturity and consequently to an increase in the rates of induction of labor.
Another practical implication of a possible gestational age misclassification refers to the decision on whether to administer corticosteroids for lung maturation before anticipated preterm birth. A fetus that was larger than average at the time of the ultrasound examination for pregnancy dating, for example a male fetus or one having a tall mother, would be at higher risk of being falsely dated as above the gestational age limit for this clinical practice and consequently would not receive antenatal corticosteroids as appropriate (27) .
Lastly, a misclassification of gestational age could give two fetuses with otherwise similar actual gestational age very unequal opportunities in the case of extreme preterm delivery; just 1-2 days of difference in EDD might render one to be judged as viable and given intensive life support in advanced units, whereas the other might be judged as not viable and be deprived of any life support (17) .
Impact on Nordic birth registry studies
Since information on gestational age in the Nordic birth registers has for decades been based mainly on ultrasound dating, any systematic bias due to the ultrasound dating method may influence the numbers and the magnitude of adverse perinatal outcomes, closely related to gestational age, which are recorded in the registers or the Nordic public health statistics (28) . In particular, such a bias is expected to lead to an underestimation of the number of infants that should be reported as SGA and large for gestational age (LGA) because of true growth deviations, as discussed above. This may be even more pronounced in the Nordic countries, given that many use, or have until recently used, second trimester ultrasound estimates instead of the more precise first trimester estimates (29, 30) . This should be taken into account when interpreting national birth statistics of the Nordic countries, and also when studies using these data explore exposures, risk factors or outcomes of SGA and LGA births.
There is a risk for either enhancing or diluting the strength of an association with SGA/LGA, deriving from the fact that (i) there are SGA/LGA cases now classified as appropriate for gestational age (AGA), (ii) the SGA and LGA case groups consist solely of very severe cases or cases with growth acceleration or deceleration occurring late in the course of pregnancy, after ultrasound dating. This needs to be taken into consideration when assessing the importance of SGA and LGA in the context of consequences for maternal and infant health. For example, in the case of false inclusion of SGA and LGA infants in the reference category (AGA), some associations might emerge as weaker, which could potentially lead to falsenegative findings and bias towards the null hypothesis. Conversely, when including only extreme SGA and LGA cases in the respective groups, some associations might emerge as stronger when compared with the AGA group than when analyzing data not affected by misclassification. It is also plausible that SGA and LGA infants, as defined at birth and reported in data based on second trimester ultrasound measurements, comprise mostly fetuses with an accelerated or decelerated growth trajectory in the second half of pregnancy, after ultrasound dating. This is contrasted to data coming from early ultrasound dating or LMP dating settings, in which the SGA/LGA groups would also comprise those with earlier growth deviations. As an example, a fetus with a decelerated growth before a second trimester ultrasound dating would be dated so as to accommodate this deviation, with the EDD being moved forward in time. This in itself would make it less probable for this fetus to be classified as SGA, as it would have an actual longer gestational age at the time of birth compared with the estimated gestational age. If the growth deviation continues intensively after the ultrasound scan, the odds of classification as SGA increase. However, if the fetus has a normalized or even catch-up growth after the scan, it would easily be classified as AGA. On the other hand, if the same fetus were to be dated with a first trimester scan or according to the LMP, it would not have its EDD moved, and the odds of being classified as SGA at birth would be higher, irrespectively of whether the decelerated growth rate was mainly prevalent in the second or third trimesters.
Similar implications for the interpretation of research findings are expected to apply when studying preterm and post-term deliveries, which could also be underestimated by a similar mechanism (14, 31, 32) . In a Danish study, there were associations between smoking during pregnancy and preterm birth (increased risk) and postterm birth (reduced risk) when the outcome was determined by ultrasound; these associations became attenuated and non-significant when using LMP-based gestational age determination (23) .
However, ultrasound dating is still considered the best method for determination of gestational age despite the possibility that it may be hampered by systematic bias. Other methods for pregnancy dating, such as recall of LMP, also have limitations. It is important to note that the effect of a systematic bias would be most apparent in the tails of a distribution, affecting outcomes such as SGA and LGA, and have only a minimal effect on general population estimates such as mean birthweight and mean age at birth.
Conclusion
In many published studies, gestational age estimates are based on LMP and adjusted by ultrasound only when there is a large enough discrepancy between estimates [usual threshold range from 5 to 14 days (33) (34) (35) ]. In other studies, it is not specified in detail how pregnancy dating was performed (36, 37) . In the Nordic countries, the ultrasound estimation is now usually the first choice for dating all pregnancies, except in Finland. Accordingly, we call for caution when comparing study results on perinatal outcomes from various settings, within and outside the Nordic countries, in particular if the method of pregnancy dating has not been addressed. At the same time, we want to acknowledge the contribution from a vast number of studies reporting data from the Nordic birth registries. Together, they have shed light on maternal and infant health and contributed to the reduction of perinatal morbidity and mortality. To sustain the attraction of the valuable Nordic birth registries and address the effect of the systematic bias introduced by ultrasound dating, it is important to keep information on LMP in the registries. We therefore suggest that the method for pregnancy dating (ultrasound in first trimester, ultrasound in second trimester, LMP or mixed information) should be noted for each birth, when recorded in any registries.
